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RADIATION IMAGING APPARATUS, I'TS
CONTROL METHOD, AND RECORDING
MEDIUM STORING PROGRAM FOR
EXECUTING THE CONTROL METHOD

RELATED APPLICATIONS

The present application 1s a divisional of application Ser.

No. 11/721,281, filed Jun. 8, 2007/, which 1s a National Stage
filing under 35 U.S.C. §371 of International Application No.
PCT/IP2006/324121, filed Nov. 27, 2006. The present appli-
cation claims benefit of parent application Ser. No. 11/721,
281 (PCT/IP2006/324121) under 35 U.S.C. §120, and claims
priority benefit under 35 U.S.C. §119 of Japanese Patent
Applications 2006-305241, filed Nov. 10, 2006, and 2005-
344537, filed Nov. 29, 2005. The entire contents of each of the
mentioned prior applications are incorporated herein by ret-
erence.

TECHNICAL FIELD

The present invention relates to a radiation 1imaging appa-
ratus to be preferably used for diagnosis for medical care and
industrial non-destructive mspection and 1ts control method.
In the case of the present invention, 1t 1s assumed that elec-
tromagnetic waves such as X-rays and y-rays, as well as
particular beams of a-rays and P-rays, are included in the
scope of the term “radiation™.

BACKGROUND ART

In recent years, an X-ray digital imaging apparatus for
performing 1maging by using a converter such as a photoelec-
tric transducer for converting light into an electrical signal
and thereby using radiation such as X-rays 1s practically used
and spread 1n accordance with the advancement of semicon-
ductor technology.

Because a digital X-ray imaging apparatus has a sensitivity
and 1mage quality superior to those of a conventional film-
type 1maging apparatus, imaging at lower dose and improve-
ment of diagnosability are possible. Moreover, because an
image 1s stored as digital data, there are advantages that the
image can be worked to an image which can be further diag-
nosed and the image can be easily controlled by performing,
various 1mage processings after imaging the image. More-
over, by effectively using the advantage of digital data and
thereby using a network to transfer image data, 1t 1s possible
to make the image diagnosis 1n a hospital efficient and remote
diagnosis efficient or realize new medical care service.

By using a digital X-ray imaging apparatus having these
advantages, 1t 1s possible to provide medical care service
higher than the case of a convention X-ray imaging apparatus
in quality such as improvement of diagnostic accuracy, mak-
ing diagnosis elficient, or development to new medical care
service.

The above digital X-ray imaging apparatus 1s disclosed in
U.S. Pat. No. 6,965,111, for example.

As a photoelectric conversion element used for the pixel of
a two-dimensional area sensor of the X-ray imaging appara-
tus disclosed in U.S. Pat. No. 6,965,111, an MIS-type con-
version element such as an MIS (Metal-Insulator-Semicon-
ductor)-type photoelectric conversion element 1s mainly used
and as a switching device, a TFT (Thin Film Transistor) 1s
mainly used. The two-dimensional area sensor using the
MIS-type photoelectric conversion element performs the
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2

operation for 1nitializing an MIS-type photoelectric conver-
s1on element referred to as the refresh operation disclosed 1n

U.S. Pat. No. 6,075,256.

DISCLOSURE OF THE INVENTION

However, a state in which a refresh operation 1s not effec-
tive 1s present 1n an MIS-type photoelectric conversion ele-
ment. Moreover, because the state 1s present, a change of
sensitivities occurs. As a result, stable 1mage quality 1s not
obtained.

It 1s an object of the present invention to provide an 1mag-
ing apparatus capable of restraining a change of image quali-
ties due to a change of sensitivities of a photoelectric conver-
sion element and 1ts control method.

According to the present invention, it 1s possible to restrain
the sensitivity change of a conversion element. Therefore, 1t 1s
possible to restrain the fluctuation or 1image uncomiortable
feeling of image luminance and obtain an 1image having a high
image quality.

Further features of the present imvention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional view showing the structure of a pixel
using an MIS-type photoelectric conversion element;

FIG. 2A 1s an energy band diagram for explaining the
photoelectric conversion mode of an MIS-type photoelectric
conversion element, FIG. 2B 1s an energy band diagram for
explaining the saturation state of an MIS-type photoelectric
conversion element, and FIG. 2C 1s an energy band diagram
for explaining the refresh mode of an MIS-type photoelectric
conversion element;

FIG. 3 1s a circuit diagram showing the configuration of one
pixel of a two-dimensional sensor of an X-ray imaging appa-
ratus;

FIG. 4 1s a timing chart showing changes of potentials of
points A and B 1n the pixel shown 1n FIG. 3;

FIG. S1s a circuit diagram showing the configuration of one
pixel of a two-dimensional sensor of the radiation 1maging
apparatus (X-ray imaging apparatus) of first embodiment of
the present invention;

FIG. 6 1s a timing chart showing changes of potentials of
points C and D 1n the pixel shown in FIG. §;

FIG. 7 1s a circuit diagram showing the configuration of
two-dimensional sensor in which nine pixels are arranged like
a matrix;

FIG. 8 1s an illustration showing the configuration of an
X-ray 1maging apparatus using the two-dimensional sensor
shown 1n FIG. 7;

FIG. 9 1s a timing chart showing operations of the two-
dimensional sensor 801 of the first embodiment;

FIG. 10 1s a flowchart showing the driving method of the
two-dimensional sensor 801 of the first embodiment;

FIG. 11 1s a circuit diagram showing the configuration of
one pixel of a two-dimensional sensor of the radiation 1mag-
ing apparatus (X-ray imaging apparatus) of second embodi-
ment of the present invention;

FIG. 12 1s a timing chart showing changes of potentials of
points E and F in the pixel shown i FIG. 11;

FIG. 13 1s a circuit diagram showing the configuration of a
two-dimensional sensor 1n which nine pixels shown 1n FIG.
11 are arranged like a matrix and 1ts peripheral circuits;

FIG. 14 1s a timing chart showing operations of a two-
dimensional sensor 1002 of the second embodiment:
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FIG. 15A 1s a timing chart showing an example of the
relation between driving and output of a two-dimensional

sensor when light 1s irradiated;

FIG. 15B 1s a timing chart showing another example of the
relation between driving and output of a two-dimensional
sensor when light 1s 1irradiated;

FIG. 15C 1s a timing chart showing another example of the
relation between driving and output of a two-dimensional
sensor when light 1s 1irradiated;

FIG. 15D 1s a timing chart showing still another example of
the relation between driving and output of a two-dimensional
sensor when light 1s 1rradiated;

FIG. 16 1s an illustration showing an example of the
embodiment of the X-ray imaging apparatus of an embodi-
ment of the present invention;

FIG. 17 1s an 1llustration showing another example of an
embodiment of the X-ray imaging apparatus of the embodi-
ment of the present invention;

FI1G. 18 1s an 1llustration showing an example of a surface-
emission device; and

FI1G. 19 1s a schematic view showing the configuration of
an X-ray imaging system.

BEST MODE FOR CARRYING OUT TH.
INVENTION

L1

Hereatter, an embodiment of the present invention 1s spe-
cifically described by referring to the accompanying draw-
Ings.

First, the structure of a pixel using an MIS-type photoelec-
tric conversion element 1s described by referring to FI1G. 1. A
TFT 216 1s formed on a glass substrate 201. Moreover, a gate
line 220, gate insulating film 202, channel layer 203, N+
amorphous silicon layer 204, drain electrode 203, and source
electrode 206 are formed on the TFT 216. Furthermore, a
signal line 219 for transierring an electrical signal output
from the TFT 216 to a signal amplifying circuit 1s connected
to the source electrode 206.

The MIS-type photoelectric conversion element 217 serv-
ing as an MIS-type conversion element 1s also formed on a
glass substrate. Moreover, a sensor bottom electrode layer
207, msulting layer 208, photoelectric conversion layer 209,
N+ amorphous silicon layer 210, transparent electrode 211,
and sensor bias line 218 are formed on the MIS-type photo-
clectric conversion element 217. A voltage 1s supplied from
the transparent electrode 211 and sensor bias line 218 to the
photoelectric conversion layer 209. The N+ amorphous sili-
con layer 210 has an ohmic contact with the photoelectric
conversion layer 209 and transparent electrode 211, which 1s
a layer for blocking implantation of positive holes from the
sensor bias line 218.

Moreover, a protective layer 212 for protecting the MIS-
type photoelectric conversion element 217 and TFT 216 from
humidity and foreign matter, phosphor 214 for converting
radiation 1nto light, adhesive layer 213 for adhering the phos-
phor 214 to the protective layer 212, and phosphor protective
layer 215 are formed. The phosphor protective layer 215
protects the phosphor 214 from humidity or the like.

Then, the operational principle of the MIS-type photoelec-
tric conversion element 1s described by referring to the energy
band diagram of the MIS-type photoelectric conversion ele-
ment shown in FIGS. 2A to 2C.

In the case of the photoelectric conversion mode shown in
FIG. 2A, a positive voltage 1s applied to the sensor bias line
218 of the MIS-type photoelectric conversion element 217
and positive holes are accumulated. In the photoelectric con-
version mode, when light 301 1s irradiated to the photoelectric
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4

conversion layer 209, positive hole 303 and electron 302 are
generated by the photoelectric effect in the photoelectric con-
version layer 209. Then, the positive hole 303 1s moved to the
interface between the msulating layer 208 and photoelectric
conversion layer 209 by an electric field and the electron 302
1s moved to the N+ amorphous silicon layer 210 side. In this
case, because the positive hole 303 cannot pass through the
isulting layer 208, 1t1s accumulated on the interface between
the photoelectric conversion layer 209 and the insulating
layer 208. When the positive hole 303 1s accumulated, a
voltage proportional to the dose of the light 301 or time 1s
generated 1n the MIS-type photoelectric conversion element
217 and the potential of the bottom electrode layer 207 is
lowered.

When the TFT 216 1s turned on under the above state,
current tlows through the bottom electrode layer 207 and 1t 1s
possible to obtain an 1mage signal by detecting the current.

However, when a certain number of the positive holes 303
1s accumulated, the saturation state shown in FIG. 2B 1s
realized. That 1s, the voltage due to the positive holes 303
accumulated on the 1interface between the photoelectric con-
version layer 209 and the msulating layer 208 becomes equal
to the voltage applied to the MIS-type photoelectric conver-
s1on element 217 and an electric field 1s not generated in the
photoelectric conversion layer 209. In this state, the positive
hole 303 generated 1n the photoelectric conversion layer 209
cannot move up to the interface between the photoelectric
conversion layer 209 and the insulating layer 208 and the
positive hole 303 1s recombined with the electron 302 and
disappears. Therefore, a voltage proportional to the dose of
the light 301 or time 1s not generated. Then, because a voltage
proportional to the dose of the light 301 or time 1s not gener-
ated 1n the saturated MIS-type photoelectric conversion ele-
ment 217, the sensitivity 1s lowered and a normal X-ray image
cannot be obtained.

That 1s, the light sensitivity of the MIS-type photoelectric
conversion element 217 depends on the voltage applied to the
photoelectric conversion layer 209. The positive hole 303
generated by photoelectric effect 1s moved by an electric field
applied to the photoelectric conversion layer 209 and reaches
the interface between the photoelectric conversion layer 209
and the msulating layer 208. When this time 1s not shorter
than the life time of the positive hole 303 decided by the film
quality of the photoelectric conversion layer 209, the positive
hole 303 cannot reach the interface between the photoelectric
conversion layer 209 and the isulating layer 208, and 1t
disappears.

Therefore, it 1s impossible to take the positive hole 303 out
as an electrical signal. Therefore, to securely take out the
positive hole 303 generated by photoelectric effect, 1t 1s nec-
essary to 1ncrease the moving speed of the positive hole 303,
that 1s, apply a sulficient voltage to the photoelectric conver-
s1on layer 209.

To return the MIS-type photoelectric conversion element
217 to the state of the photoelectric conversion mode shown
in F1G. 2A again, 1t 1s necessary to set the voltage of the sensor
bias line 218 to a voltage lower than that of the state in FIG.
2B and remove the positive hole 303 accumulated on the
interface between the photoelectric conversion layer 209 and
the mnsulating layer 208.

By performing the above operation, the refresh mode
shown 1 FIG. 20 1s realized and 1t 1s possible to newly
accumulate positive holes 303 in the photoelectric conversion
mode by the removed number of positive holes 303. There-
fore, by setting the sensor bias to be supplied at the time of
refresh operation to a lower value, 1t 1s possible that a sensor
does not easily become a saturation state even if much light 1s
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irradiated. Moreover, 1t 1s possible to keep the voltage applied
to the photoelectric conversion layer 209 constant by this
refresh operation before light 1rradiation. Therefore, 1n the
state 1n which the refresh operation 1s effective, sensitivities
are not changed.

However, immediately aiter the refresh mode 1s changed to
the photoelectric conversion mode, current due to electrons
implanted into the MIS-type photoelectric conversion ele-
ment 217 1n the refresh mode flows. Therefore, dark current 1s
temporarily increased. Moreover, the number of electrons
implanted ito the photoelectric conversion layer 209 is
increased as the sensor bias at the time of refresh 1s towered.
Therefore, sensor biases 1n the refresh mode and photoelec-
tric conversion mode are selected 1 view of the dynamic
range desired for a digital X-ray imaging apparatus and dark
current.

Then, in the case of the above MIS-type photoelectric
conversion element, a state in which the refresh operation 1s
not effective 1s described below. FIG. 3 1s a circuit diagram
showing the configuration of one pixel of the two-dimen-
sional sensor (sensor unit) 1n an X-ray imaging apparatus.

As described above, one pixel includes the TFT 216 and
MIS-type photoelectric conversion element 217. Moreover,
the gate line 220 1s connected to the gate of the TFT 216 and
the signal line 219 1s connected to the source electrode 206 of
the TFT 216. Moreover, the sensor bias line 218 for applying
a voltage required to perform photoelectric conversion and
refresh 1s connected to the MIS-type photoelectric conversion
clement 217. The signal line 219, gate line 220, and sensor
bias line 218 are shared by a plurality of pixels constituting a
two-dimensional sensor.

The gate line 220 1s connected to a vertical driving circuit
105 and a voltage for selectively turning on/off the TFT 216
1s supplied from the vertical driving circuit 105. The sensor
bias line 218 1s connected to a sensor power supply 402. The
sensor power supply 402 includes a power supply Vs for
photoelectric conversion and a power supply Vrel necessary
tor the refresh of a sensor, in which power supply outputs can
be optionally changed by a control signal VSC. The signal
line 219 connects the source electrode 206 of the TFT 216 and
the mput of a signal amplifying circuit constituted by using a
current-integrating-type amplifier 401. The amplifier 401
converts a current signal corresponding to electric charges
transierred from the TFT 216 accumulated 1n the MIS-type
photoelectric conversion element 217 into a voltage signal
and amplifies the signal. The current mput to the amplifier
401 1s accumulated 1n an 1ntegrating capacitor Ci to output
voltages proportional to voltages generated at the both ends of
the integrating capacitor CH.

When reading the electric charges accumulated 1n the MIS-
type photoelectric conversion element 217, 1t 1s necessary to
reset electric charges accumulated at the time of latest read or
clectric charges accumulated by the ofiset current of the
amplifier 401. The integrating capacitor Ci1s reset by turning
on a switch SW {following the integrating capacitor Cf 1n
accordance with a control signal RC.

FIG. 4 1s a timing chart showing changes of voltages of
points A and B in the pixel shown 1n FIG. 3. FIG. 3 shows a
voltage (Va—Vb) applied to the photoelectric conversion layer
209 together with potential Va of the point A and potential Vb
of the point B when repeating irradiation with X-ray and
refresh from immediately after turning-on of a power supply.
In the following description, operations of the TF'T 216 are
omitted. However, the TFT 216 1s driven synchronously with
refresh or read. Moreover, when a power supply 1s turned on,
it 1s assumed that the TFT 216 1s regularly turned on/oif.
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To change the operation halt state to the imaging possible
state, supply of voltages 1s started from the sensor power
supply 402, power supply Vcom, and power supply Vss. In
this case, the potential Va becomes equal to the voltage Vs.
However, the potential Vb 1s shown by the following Numeri-
cal Formula 1 when assuming the capacitance of the photo-
clectric conversion layer 209 as Ci1, the capacitance of the

insulating layer 208 as CsilN, and the reference power supply
of the amplifier 401 as Vr:

C
- Cr+ CS.W

(Numerical Formula 1)
Vb

X{(Vs—Vr)+ Vr

The potential Vb rises due to accumulation of generated
clectric charges because when X -ray 1s irradiated, the photo-
clectric effect occurs by the light of a phosphor for emitting
light by receiving X-ray. Moreover, 1n the refresh mode (state
in which the voltage Vret 1s supplied to the sensor bias line
218), because the voltage Va 1s changed from Vs to Vret, the
voltage Va lowers by a voltage AV shown by the following
Numerical Formula 2:

Ci (Numerical Formula 2)
AV = X (Vs — Vref)

- Ci+ Com

In period a. of Vv<Vrel, because the band of the MIS-type
photoelectric conversion element 217 has the same band
structure as in the case of photoelectric conversion mode, the
MIS-type photoelectric conversion eclement 217 1s not
refreshed.

Thereatter, while irradiation of X-ray 1s repeated, electric
charges are accumulated on the interface between the photo-
clectric conversion layer 209 and the insulating layer 208 and
the potential Vb rises. Then, in period 3, in which Vb becomes
equal to or larger than Vrefl at the time of refresh, refresh
shows an eflect. That 1s, the effect of refresh 1s first shown by
making the state of the MIS-type photoelectric conversion
clement 217 approach to the saturation state.

Thus, 1 period ¢, the voltage (Va—Vb) applied to the
photoelectric conversion layer 209 1s slowly lowered because
clectric charges generated by photoelectric effect are accu-
mulated. Therefore, in period ¢, the sensitivity of the MIS-
type photoelectric conversion element 217 1s slowly lowered
whenever imaging 1s performed. Then, when imaging a plu-
rality of sheets 1n the period ¢, a problem occurs that the
contrast of an 1mage 1s slowly lowered due to a change of
sensitivities whenever 1imaging 1s performed or a problem
occurs that sensitivities are changed between a sensor receiv-
ing a large dose of light and a sensor recerving a smaller dose
of light, and a problem occurs 1n that the 1image produced 1n
the last imaging contains a feature that produces an uncom-
fortable feeling 1n the viewer. Moreover, when continuously
imaging i1mages, as in the case of a dynamic image, the
luminance of the whole 1image 1s slowly lowered from the start
of imaging. As a result, when such a feature (producing the
mentioned uncomiortable feeling) occurs 1n an X-ray imag-
ing apparatus used for diagnosis or operation, the diagnostic
performance A 1s lowered, or erroneous diagnosis may occur,
and the mentioned uncomiortable feeling may interfere with
the activity of the user in a case in which a see-through 1image
1s used.

However, 1n period p, 1t 1s possible to keep the potential Vb
betore 1rradiation of X-ray constant because refresh 1s effec-
tive. That 1s, 1t 1s possible to keep the voltage applied to the
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photoelectric conversion layer 209 constant by the refresh
performed immediately before imaging and stabilize the sen-
sit1vity.

To decrease the period o 1n which sensitivity 1s fluctuated,
a method for lowering the voltage Vrel 1s used. By lowering
the voltage Vrel, the refresh quantity is increased and refresh
1s elfective even when a small number of electric charges are
accumulated. Therefore, 1t 1s possible to shorten the period a.

However, when lowering the voltage Vref, implantation
quantity of electrons from the sensor bias line 218 to the
photoelectric conversion layer 209 1s increased 1n the refresh
mode. Therefore, 1t 1s known that the dark current after refresh
1s increased or fluctuation of dark current characteristic every
pixel 1s increased. Therefore, 1t 1s not a preferable method to
lower the voltage Vref.

Moreover, a method for continuously applying a voltage to
a pixel to keep period 3 1s considered. However, when always
applying a voltage to the MIS-type photoelectric conversion
element 217, deterioration of the characteristic 1s accelerated.
Therefore, this 1s not preferable 1n view of the reliability of the
apparatus. Actually, a conventional digital X-ray imaging
apparatus restrains characteristic deterioration of the two-
dimensional sensor 103 by stopping voltage supply to the
sensor bias source 218, power supply Vcom, and power sup-
ply Vss when imaging 1s not performed and supplying no
voltage to the two-dimensional sensor 103.

Thus, in the case of a digital X-ray imaging apparatus using,
a two-dimensional area sensor (sensor unit) having an MIS-
type conversion element, it 1s difficult to restrain lowering of
sensitivity by control or adjustment of a voltage to be applied
to a two-dimensional sensor. The present inventors have
tound the above problem.

As aresult of earnestly repeating study 1n order to solve the
above problem 1n view of the above situation, the present
inventors have reached the following various modes of the
invention.

First Embodiment

First, first embodiment of the present invention 1s described
below. FIG. 3 1s a circuit diagram showing the configuration
ol one pixel of a two-dimensional sensor (sensor unit) in a
radiation 1imaging apparatus (X-ray imaging apparatus) of the
first embodiment of the present invention. In FIG. §, a com-
ponent provided with the same symbol as that in FIG. 1, 3 or
the like 1s a device or circuit having the same function and its
description 1s omitted.

This embodiment 1s provided with a light source 601,
power supply 603 for making the light source 601 emit light,
and switch 605 as means for bringing the MIS-type photo-
clectric conversion element 217 1nto a saturation state before
performing X-ray imaging. As the light source 601, it 1s
possible to use a light source capable of discharging the light
having a wavelength which can be detected by the photoelec-
tric conversion layer 209 serving as the conversion layer of an
MIS-type conversion element at optional timing. For
example, when an MIS-type photoelectric conversion ele-
ment using amorphous silicon 1s used as an MIS-type con-
version element, 1t 15 possible to use a device in which a
plurality of LEDs or cold-cathode tubes are arranged, a
device 1n which a light guide plate and a LED or cold-cathode
tube are combined, or EL device. It1s to be noted that the light
having a wavelength which can be detected by the MIS-type
photoelectric conversion element may includes also a radia-
tion such as infrared rays and ultraviolet rays or the like other
than the visible light.
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Moreover, a control circuit 604 for controlling the light
source 601 and an X-ray source 119 1s provided. That 1s, the
control circuit 604 can control light emission/no light emis-
s1on of the light source 601 or control exposure of X-ray from
the X-ray source 119. For example, light irradiation by the
light source 601 1s controlled by the control circuit 604 so that
the light 1s irradiated only for predetermined necessary time.
In this case, 1t 1s preferable that the control circuit 604 sets the
control circuit 604 so that 1t cannot expose the X-ray source
119 and X-ray 1s not erroneously irradiated.

Then, operations of one pixel constituted as described are
described by referring to FIG. 6. FIG. 6 1s a timing chart
showing changes of voltages of points C and D 1n the pixel
shown 1n FIG. 5. FIG. 6 shows a voltage (Vc-Vd) applied to
the photoelectric conversion layer 209 together with the
potential V¢ of the point C and the potential Vd of the point D
when repeating X-ray irradiation and refresh from 1mmedi-
ately after turning-on of a power supply.

First, the pause state in which no voltage 1s supplied to a
two-dimensional sensor 1s changed to the imaging state for
supplying a voltage to the MIS type photoelectric conversion
element 217 and TFT 216. In this state, as described above,
the potential of the sensor bias line 218 becomes Vs and the
voltage applied to the MIS-type photoelectric conversion ele-
ment 217 1s shown by Numerical Formula 1.

Under this state, light 1s irradiated from the light source 601
to the MIS-type photoelectric conversion element 217. As a
result, electric charges are generated 1n the photoelectric con-
version layer 209 and the voltage applied to the photoelectric
conversion layer 209 1s lowered.

Irradiation of light from the light source 601 1n this case 1s
performed until the MIS-type photoelectric conversion ele-
ment 217 completely reaches a saturation state. Thereby, a
constant voltage 1s always applied to the photoelectric con-
version layer 209 by refresh operation and 1t 1s possible to
restrain a change of sensitivities every imaging.

Then, when the MIS-type photoelectric conversion ele-
ment 217 1s saturated, light 1irradiation from the light source
601 1s stopped and X-ray imaging 1s started.

It 1s preferable to adjust the quantity of light radiated from
the light source 601 1n view of the voltages Vs and Vrel,
capacitance ol photoelectric conversion layer 209 and the
insulating layer 208, and utilization etficiency of light. More-
over, 1n the case of driving of a pixel, 1t 1s allowed to repeat
refresh operation, accumulating operation, and read opera-
tion or repeat only the read operation. Moreover, at least
one-time refresh operation 1s necessary from the time when
light 1irradiation from the light source 601 1s completed up to
X-ray 1maging. This 1s because a photoelectric conversion
clement 1s saturated when light irradiation by the light source
601 1s completed, a sullicient image cannot be obtained when
directly performing X-ray imaging.

Moreover, 1t 1s allowed to continue imaging interval as
shown 1n FIG. 6 or not to continue the 1maging interval. That
15, as shown 1n FIG. 16C or 16D to be described later, when
irradiating light 1n order to previously saturate a photoelectric
conversion element, it 1s allowed to wrradiate light 1intermat-
tently (like pulse). Furthermore, i1t 1s allowed to perform
imaging not wrradiating X-rays between X-ray imagings and
correct an X-ray image imaged immediately before by using
the 1mage.

Moreover, after irradiation of suflicient light by the light
source 601 1s completed by a control signal of the control
circuit 604, 1t 1s preferable to change a display for communi-
cating that a worker may be exposed to X-rays. Furthermore,
when operations of a two-dimensional sensor are different
betore start of X-ray imaging and after start of X-ray imaging,
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it 1s allowed to change driving of the sensor in accordance
with a signal of the control circuit 604.

It 1s allowed that the control circuit 604 1s provided for a
control computer 108 or program/control board 110 of a
conventional X-ray imaging apparatus. Moreover, 1t 1s
allowed to realize the function of the control circuit 604 by
combining operations of the control computer 108 and pro-
gram/control board 110.

Then, a two-dimensional sensor (sensor unit) having 9
above pixels (3x3 pixels) and its peripheral circuits are
described below. FIG. 7 1s a circuit diagram showing the
configuration of a two-dimensional sensor 1n which nine pix-
¢ls shown 1n FIG. 5 are arranged like a matrix and 1ts periph-
eral circuits. Moreover, FIG. 8 1s an 1llustration showing the
configuration of an X-ray imaging apparatus using the two-
dimensional sensor shown 1n FIG. 7.

The two-dimensional sensor (sensor unit) 801 shown in
FIG. 7 1s constituted when the MIS-type photoelectric con-
version element 217 (811-533) and thin-film transistor (1FT)
216 (111-T33) arc arranged like a matrix of 3x3. The MIS-
type photoelectric conversion element 217 (811-S33) con-
verts light emitted from a phosphor mto an electrical signal.
The thin-film transistor 216 (111-T33) outputs electric
charges accumulated 1n the MIS-type photoelectric conver-
sion element 217 at optional timing. Though not shown 1n
FIG. 7, a phosphor 101 1s provided on the MIS-type photo-
clectric conversion element 217 as shown 1n FIG. 8. The
phosphor 101 mainly contains Gd202S, Gd203 and/or Csl:
T1.

The two-dimensional sensor 801 has amplifiers AMP1 to
AMP3 respectively provided with a capacitance Ci for accu-
mulating electric charges output from the TFT 216 and con-
nects with a signal amplitying circuit 802 for amplifying a
signal. Signal lines Sigl to Sig3 are set between the signal
amplifying circuit 802 and the two-dimensional sensor 801.
The signal lines Sigl to Sig3 are connected to the drain
clectrode of the TFT 216. The signal amplifying circuit 802
connects with an Amp reference power supply 807 serving as
the reference power supply of the amplifiers AMP1 to AMP3.
Moreover, the signal amplifying circuit 802 connects with a
sample-and-hold circuit 803 for holding output voltage of the
signal amplifying circuit 802 for an optional period and mul-
tiplexer 804 for serially outputting signals held by the sample-
and-hold circuit 803. The sample-and-hold circuit 803 holds
an electrical signal output from the signal amplifying circuit
802 until the circuit 802 i1s selected by the multiplexer 804.
Moreover, the signal amplifying circuit 802 connects with a
buller amplifier 805 for outputting the output of the multi-
plexer 804 at a low impedance and A/D converter 806 for
converting an analog signal mto a digital signal. The signal
amplifying circuit 802, sample-and-hold circuit 803, multi-
plexer 804, and buifer amplifier 803 are included 1n a signal
processing circuit 809.

Moreover, the two-dimensional sensor 801 connects with a
power supply Vs necessary for photoelectric conversion and
sensor power supply 402 provided with the power supply
Vret for setting the MIS-type photoelectric conversion ele-
ment 217 to a refresh mode. The sensor bias line 218 1s
connected between the N+ amorphous silicon layer of the
MIS-type photoelectric conversion element 217 and the sen-
sor power supply 402. The sensor power supply 402 and Amp
retference power supply 807 are included in a low-noise power
supply 827.

Moreover, a vertical driving circuit 1035 for driving gate
lines Vgl to Vg3 connected to the gate electrode of the TFT
216 of the two-dimensional sensor 801 1s provided. The ver-
tical driving circuit 105 connects with the power supply
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Vcom for turning on the TFT 216 and power supply Vss for
turning off the TFT 216. The vertical driving circuit 105
sequentially supplies a voltage pulse constituted of voltages
Vcom and Vs to three gate lines Vg1 to Vg3 by optional time.

Si1gnal lines Sigl to S1g3 and sensor bias line 218 are shared
by top and bottom pixels and gate lines Vgl to Vg3 are shared
by right and left pixels. Moreover, 1t 1s assumed that the
control circuit 604 1 FIG. 6 15 included in the control com-
puter 808.

A control panel 124, the phosphor 101, a two-dimensional
sensor (sensor unit) 103, and the light source 601 are arranged
within an envelope 112 of a flat panel detector.

Then, driving methods and operations of the two-dimen-
sional sensor 801 constituted as described above and its
peripheral circuits are described by referring to FIGS. 10 and
11. FIG. 9 1s a timing chart showing operations of the two-
dimensional sensor 801 of the first embodiment and FIG. 10
1s a flowchart showing the driving method of the two-dimen-
sional sensor 801 of the first embodiment.

Before imaging 1s started, an X-ray imaging apparatus 1s
kept in a pause state (step S1801). In this case, the pause state
represents a state 1n which no voltage 1s applied to the MIS-
type photoelectric conversion element 217 and TFT 216 in the
two-dimensional sensor 801. By keeping this state, it 1s pos-
sible to keep service lives of the TFT 216 and MIS-type
photoelectric conversion element 217 which are easily dete-
riorated due to long-time application of voltage long. More-
over, 1n the pause state, it 1s preferable to cut off supply of
power to the signal processing circuit 809 such as the signal
amplifying circuit 802 except a necessary portion to save
pPOWEL.

Then, when an operator starts 1imaging by performing a
necessary procedure (step S1802), a predetermined voltage 1s
applied to the two-dimensional sensor 801, the voltage Vs 1s
applied to the MIS-type photoelectric conversion element
217 and the voltage Vss 1s applied to the gate lines Vgl to
Vg3. Moreover, a voltage necessary for the Amp reference
power supply and driving 1s also applied to the signal ampli-
tying circuit 802 and an operation state i1s started (step
S1803).

After starting the 1maging state, light 1s 1rradiated from the
light source 601 under control of control circuit 604 (control
computer 808) (step S1804). The output of the two-dimen-
sional sensor 801 1s sent to the control computer 808 after the
output 1s converted 1nto digital data and necessary processing
1s applied. The control circuit 604 determines whether to
realize a saturation state or stop 1rradiation of light 1n accor-
dance with the data (step S1805). However, while light 1s
being irradiated, as shown in FIG. 6, refresh operation, pho-
toelectric conversion operation, and read are repeated.

For control of irradiation and stop of light, it 1s allowed to
stop 1rradiation after performing the irradiation only by a
preset time, for example. In this case, the time for 1irradiating,
light can be programmed in the control computer 808. Then,
it 1s allowed to set the irradiation time when the two-dimen-
sional sensor 801 1s fabricated or at the time of setting after
fabrication. Moreover, 1t 1s allowed to monitor the output
fluctuation from the MIS-type photoelectric conversion ele-
ment 217 at the time of light irradiation and determine light
irradiation stop time.

Then, when the control computer 808 determines stopping,
of 1rradiation of light, 1t stops irradiation in step S1806.

Then, the two-dimensional sensor 801 also starts the opera-
tion for imaging by an operator when X-ray 1rradiation 1s
started (step S1807).

In this case, the operation for imaging a static 1image 1s
described below. Moreover, as shown 1n FIG. 9, 1t 1s assumed
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to obtain a static 1mage by three operations of refresh opera-
tion, accumulation operation, and read operation of the MIS-
type photoelectric conversion element 217.

To obtain a static image, the MIS-type photoelectric con-
version element 217 1s first refreshed by using the sensor
power supply 402. In this case, the MIS-type photoelectric
conversion element 217 1s refreshed by using the sensor
power supply 402 1n order to secure a large dynamic range
necessary for a static image.

In this refresh operation, the control signal VSC 1s first set
to low (LLc) to supply the voltage Vret optimum for refresh to
the sensor bias line 218. However, 1n this case, because the
potential of the sensor bias line 218 side of MIS-type photo-
clectric conversion element 217 and the potential of a sensor
bottom electrode layer 207 simultaneously rise, the refresh
mode 1s not realized.

To realize the refresh mode, the voltage Vcom 1s further
supplied to the gate lines Vgl to Vg3 by the vertical driving
circuit 105 to turn on the TFT 216 and equalize the potential
ol the sensor bottom electrode layer 207 with potentials of the
signal lines Sigl to S1g3. In this case, the control signal RC of
the amplifiers AMP1 to AMP3 1s set to high (Hi) to set
potentials of the signal lines Sigl to Sig3 to the reference
potential Vr.

In the case of the timing chart sown in FI1G. 9, the TFT 216
for each pixel 1s turned on for each line. However, 1t 1s also
allowed to simultaneously turn on all TFTs 216.

Then, after setting all pixels to the refresh mode, the volt-
age Vs suitable for the photoelectric conversion mode 1s out-
put to the two-dimensional sensor 801 by turning off the TFT's
216 and setting the control signal VSC of the sensor power
supply 402 high (Hi).

In this case, the MIS-type photoelectric conversion ele-
ment 217 1s not changed to the photoelectric conversion mode
only by changing the voltage applied to the sensor bias line
218 like the case of refresh operation. Therefore, the TFTs
216 are turned on by the vertical driving circuit 105. The
refresh operation 1s completed by setting all pixels to the
photoelectric conversion mode.

After completing the refresh operation, accumulation
operation 1s started. When the two-dimensional sensor 801
starts the accumulation operation, 1t 1s communicated to an
operator that X-ray can be exposed. This information can be
performed through, for example, a control console 113,
operation mdicator lamp 125, or monitor 118.

Then, when an X-ray exposure switch set to an X-ray
control console 115 1s pushed by an operator, exposure of the
subject to X-rays 1s started by the X-ray power supply 119 and
X-rays are 1rradiated for a necessary time 1n accordance with
the portion to be imaged or dosed. The program/control board
110 controls the dose and completes 1rradiation of X-rays at
the stage of a proper dose (step S1808).

The read operation for transierring electric charges having
the information on human bodies accumulated 1n the MIS-
type photoelectric conversion element 217 1s started simulta-
neously with completion of X-ray imaging. The read opera-
tion 1s constituted of two operations such as the reset
operation which 1s a preparing operation for transierring elec-
tric charges accumulated 1n the MIS-type photoelectric con-
version element 217 and the signal transferring operation for
transierring electric charges accumulated 1 the MIS-type
photoelectric conversion element 217 to the signal amplify-
ing circuit 802.

First, the control signal RC 1s set to high (Hi) to reset all
capacitances CI of the signal amplifying circuit 802. By set-
ting the signal amplitying circuit 802 and signal lines Sigl to
S1g3 to a state suited to transter a signal by the reset operation,

10

15

20

25

30

35

40

45

50

55

60

65

12

it 1s prevented that a signal not related to the information on
human bodies to be accumulated 1n the capacitance C1 at the
time ol accumulating operation 1s read. Moreover, though
potentials of the signal lines Sigl to Sig3 are unstable due to
the influence of potential fluctuations of the gate lines Vgl to
Vg3, the potentials are reset to the reference voltage Vrt of the
Amp reference power supply 807 and stabilized by the reset
operation. Then, after performing resetting for sufficient
time, the control signal RC 1s set to low (Lo) to complete
resetting.

Then, the signal transferring operation is performed. In the
case of the signal transferring operation for transierring elec-
tric charges accumulated in the MIS-type photoelectric con-
version element 217, voltages of the gate lines Vgl to Vg3 are
sequentially changed from the voltage Vss to voltage Vcom
by the vertical driving circuit 105 to turn on the TFT 216.
When the TFT 1s turned on, electric charges accumulated 1n
the MIS-type photoelectric conversion element 217 are trans-
terred to capacitances Of the signal amplifying circuit 802.
For example, when the voltage of the gate line Vgl becomes
the voltage Vcom, TFT T11 to TFT 113 are turned on and
clectric charges accumulated 1n the MIS-type photoelectric
conversion elements S11 to S13 are transterred to amplifiers
AMP1 to AMPS.

Then, after turning on the TFT 216 until electric charges
are sulliciently transierred, the voltage to be applied to the
gate lines Vgl to Vg3 1s changed to the voltage Vss to turn off
the TFT 216 and complete transier of signals. It 1s only
necessary to set the time for keeping the TFT 216 turned-on
by considering the capacitance of the MIS-type photoelectric
conversion element 217, the ON characteristicofthe TFT 216
and the voltage Vcom.

After transierring signals to the signal amplifying circuit
802, the control signal SH of the sample-and-hold circuit 803
1s set to high (Hi) to transfer outputs of the amplifiers Ampl
to Amp3 connected to sample-and-hold capacities SH1 to
SH3 to sample-and-hold capacitances SH1 to SH3. The con-
trol signal SH 1s kept high (H1) until voltages output from the
amplifiers Ampl to Amp3 are sufficiently transferred to
sample-and-hold capacitances and after transier 1s com-
pleted, the voltages are set to low (Lo).

Electrical signals transferred to the sample-and-hold
capacitances SH1 to SH3 are read by the multiplexer 804 1n
time series during the signal transterring period of the next
line (lower line) as shown 1 FIG. 10.

By applying these transferring operations to all lines, 1t 1s
possible to transfer electrical signals accumulated 1n all pix-
els.

After transferring the electrical signals, operation 1is
changed 1n accordance with whether to complete 1maging
(step S1809). When completing imaging (a case in which
X-ray 1rradiation 1s not performed for long time 1s also
included), the two-dimensional sensor 801 1s brought to
pause state 1n order to prevent characteristic deterioration of
the MIS-type photoelectric conversion element 217 and TFT
216 (step S1809). When moving to the pause state, irradiation
of light by the light source 601 1s necessary before X-ray
irradiation by all means.

However, when X-ray irradiation 1s resumed, a state in
which X-ray irradiation 1s possible 1s directly realized
because a state 1n which the refresh operation 1s effective 1s
maintained (step S1807).

Thus, 1t 1s enough to perform irradiation of light only when
the two-dimensional sensor 801 1s changed from the pause
state to the 1imaging state but it 1s not necessary to perform
irradiation of light whenever X-ray irradiation 1s performed.
Moreover, it 1s allowed to change whether to move to a pause
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state after completion of irradiation with X-rays or transfer of
clectric charges to judgment of an operator or make a program
so that when the time previously set by a timer elapses, the
pause state 1s started. Furthermore, 1t 1s preferable to display
whether the two-dimensional sensor 801 1s set to the pause
state or imaging state on the momitor 118 so that an operator
can always confirm the state.

According to this operation, 1t 1s possible to stably acquire
a static 1image having a preferable 1mage quality without
lowering sensitivity.

It 1s preferable that the operation timing and voltage of the
above embodiment use proper values 1n accordance with the
withstand voltage or characteristic of the TFT 216 and MIS-
type photoelectric conversion element 217. Moreover, 1t 1s
allowed to perform the read operation so that the multiplexer
804 1s not operated after refresh operation. By performing this
operation, it 1s possible to exclude a dark current generated
immediately after the refresh operation from an 1mage signal
and improve the image quality. Though FIG. 7 shows the
two-dimensional sensor 801 o1 3x3 pixels, 1t 1s preferable that
more pixels are used.

Furthermore, 1t 1s allowed to perform the accumulation
operation between the refresh operation and the read opera-
tion while light 1s 1rradiated. Furthermore, though details waill

be described later, 1t 1s allowed to restrict 1rradiation of light
only to the time of accumulation operation as shown 1n FIG.
15C.

Furthermore, though imaging of a static image 1s described
above, 1t 15 also possible to image a dynamic 1mage by using
the X-ray imaging apparatus of the first embodiment. In this
case, 1t 1s preferable to set operation timing and voltage 1n
accordance with the number of frames necessary {for
dynamic-image 1maging.

Second Embodiment

Then, second embodiment of the present mvention 1s
described below. FIG. 11 1s a circuit diagram showing the
configuration of one pixel of the two-dimensional sensor of
the radiation 1maging apparatus (X-ray imaging apparatus) of
the second embodiment of the present invention.

To 1mage a dynamic 1mage, 1t 1s necessary that a photo-
clectric conversion element always keeps stable sensitivity
and dynamic range. Therefore, it 1s preferable to refresh pix-
cls every frame. However, 1n the case of the structure of the
first embodiment, refresh can be simultaneously performed
only for all pixels. Therefore, a frame rate 1s lowered by the
time of the refresh operation.

However, 1in the case of the second embodiment, a TFT
1004 for refresh 1s set every pixel. The gate of the TFT 1004
for refresh 1s connected to a gate line 1006 connected to a
vertical driving circuit 1001. Moreover, the source of the TF'T
1004 for refresh 1s connected to the source of the TFT 216 and
a refresh power supply 1005 1s connected to the drain of the
TFT 1004 for refresh. The refresh power supply 1005 can
supply voltages Vrel2 and Vr. In this case, the voltage Vris the
same voltage as that of the reference power supply Vr of the
amplifier 401. Moreover, voltage Vretf2 1s higher than that of
the reference power supply Vr of the amplifier 401 and lower
than the voltage Vs.

Furthermore, the second embodiment 1s provided with a
control circuit 1007 for controlling the light source 601 and
X-ray source 119 similarly to the case of the control circuit
604 of the first embodiment. The control circuit 1007 controls
light emitting/no-light emitting of the light source 601 and
generation of X-rays from the X-ray source 119.
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By using the above configuration, the second embodiment
performs refresh by using the TFT 1004 for refresh instead of
changing voltages applied from the sensor bias line 218 and
thereby refreshing the MIS-type photoelectric conversion
clement 217.

When performing refresh by the circuit shown 1n FIG. 11,
the voltage Vcom 1s first supplied to the gate line 1006 to turn
on the TFT 1004 for refresh. In this case, the control signal
VRC 1s controlled so as to output the voltage Vref2 from the
refresh power supply 1005. As a result, the voltage Vrel2 1s
supplied to the sensor bottom electrode layer 207 of the
MIS-type photoelectric conversion element 217 through the
TFT 1004 for retresh, the potential of the sensor bottom
clectrode layer 207 1s lowered, and the band state same as the
case of the refresh mode shown 1n FIG. 2C 1s realized.

Then, after supplying the voltage Vref2 suificient for
refresh, the control signal VRC 1s controlled to supply the
voltage Vr to the TF'T 1004 for refresh from the refresh power
supply 1005. As aresult, when the voltage Vr 1s applied to the
sensor bottom electrode layer 207 of the MIS-type photoelec-
tric conversion element 217 through the TFT 1004 for refresh,
the MIS-type photoelectrlc conversion element 217 becomes
the photoelectric conversion mode.

Thereatter, by applying the voltage Vss to the gate line
1006 and turming off the TFT 1004 for refresh, refresh opera-
tion 1s completed.

By performing this refresh operation, it 1s possible that
cach pixel can independently perform refresh and a pixel can
be refreshed when the other line 1s being read.

Then, operations of one pixel constituted as described
above are described by referring to FIG. 13. FIG. 12 1s a
timing chart showing changes of potentials of the points E and
F 1n the pixel shown in FIG. 13. FIG. 13 shows the voltage
(Ve-VT1) to be applied to the photoelectric conversion layer
209 together with the potential Ve of the point E and potential
V1 of the pomnt F when X-ray wrradiation and refresh are
repeated from immediately after a power supply 1s turned on.

The portion rising 1 “refresh” in FIG. 13 shows that the
MIS-type photoelectric conversion element 217 1s refreshed.
Refresh 1n this embodiment 1s performed by turning on the
TFT 1004 for refresh and changing voltages at the bottom
clectrode layer 207 side of the MIS-type photoelectric con-
version element 217 as described above. Therefore, the tim-
ing of reiresh 1s changed by the potential of the point F. The
change of voltages of other portion 1s the same as the case of
the first embodiment shown 1n FI1G. 6. That 1s, also 1n the case
of this embodiment, the principle of irradiating light from the
light source 601 before performing 1maging to restrain the
fluctuation of sensitivity and setting the MIS-type photoelec-
tric conversion element 217 to the saturation state 1s the same
as 1n the first embodiment.

Then, a two-dimensional sensor (sensor unit) provided
with nine above pixels (3x3 pixels) and 1ts peripheral circuits
are described. FIG. 13 1s a circuit diagram showing the con-
figuration of a two-dimensional sensor in which nine pixels
shown 1n FIG. 11 are arranged like a matrix and its peripheral
circuits.

In the case of the second embodiment, the TFT 1004 for
refresh 1s set to each pixel and the two-dimensional sensor
(sensor unit) 1002 1s constituted compared to the first
embodiment shown 1n FIG. 7. Moreover, the refresh power
supply 1005 1s added. Furthermore, not only three gate lines
Vgl to Vg3 but also the vertical driving circuit 1001 for
driving the gate lines Vgrl to Vgr3 (1006) are set instead of
the vertical driving circuit 105. That 1s, the vertical driving,
circuit 1001 1s constituted so as to be able to separately drive
the gate lines Vg1 to Vg3 for driving the TF'T 216 for transier
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and the gate lines Vgrl to Vgr3 for controlling the TFT 1004
for refresh. Moreover, arefresh line for connecting the refresh
power supply 1005 and TFT 1004 for refresh of each pixel 1s
set. Other configuration 1s the same as the case of the first
embodiment.

Then, the two-dimensional sensor 1002 constituted as
described above and driving method and operations of 1ts
peripheral circuits are described by referring to FIG. 14. FIG.
14 1s a timing chart showing operations of the two-dimen-
sional sensor 1002 of the second embodiment.

First, by irradiating light from the light source 601 simi-
larly to the case of the first embodiment, each pixel is set to
saturation state. Thereafter, the two-dimensional sensor 1002
also starts the operation for imaging when X-ray irradiation 1s
started by an operator.

The operation for 1maging a dynamic 1image 1s described
below.

First, the TFTs 216 for all pixels are turned off to wrradiate
X-rays while setting the MIS-type photoelectric conversion
clement 217 to the photoelectric conversion mode. As a
result, electric charges proportional to the quantity of light
emitted from a phosphor are accumulated in the MIS-type
photoelectric conversion element 217 by recerving X-rays
passing through an object and reaching the phosphor.

Then, the electric charges accumulated 1n the MIS-type
photoelectric conversion element 217 are read from the two-
dimensional sensor 1002. First, the control signal RC 1s set to
high (Hi) to reset outputs of the AMP1 to AMP3 connected to
the signal lines Sigl to Sig3. Thereby, 1t 1s possible to remove
clectric charges accumulated 1n the integral capacitance Cf
which become causes of noise and ofiset. Then, the amplifiers
AMP1 to AMP3 are reset for suificient time and then the
control signal RC 1s set to low (La) to complete the reset
operation.

Then, the voltage Vcom 1s supplied to the gate line Vgl to
turn on TFTs T11 to T13. When these TFTs are turned on,
clectric charges accumulated 1n the MIS-type photoelectric

conversion elements S11, S12, and S13 are transterred to the
amplifiers MP1 to AMP3 through the signal lines Sigl to
S1g3. Then, TFTs T11 to T13 are turned on by the time
suificient for transfer of clectric charges and these TFTs T11
to T13 are turned ofl. Moreover, after proper time elapses
after the TFTs T11 to T13 are turned off, the control signal SH
1s set to high (Hi) to make the sample-and-hold circuit 803
hold outputs of the amplifiers AMP1 to AMP3.

Thus, the read operation for one line 1s performed.

Electric charges sample-held by the sample-and-hold cir-
cuit 803 are serially transierred to the A/D converter 806 by
the multiplexer 804 through the buifer amplifier 805 when
reading the next line.

Then, read pixels are refreshed when reading the next line.
This refresh operation 1s described above. However, as shown
in FI1G. 14, because the gate lines Vgrl to Vgr3 of the TFT
1004 for refresh of pixels are shared by right and left pixels,
refresh 1s performed one horizontal line by one horizontal
line.

By performing the above read operation and refresh opera-
tion for all lines, electric-charge transfer and refresh of all
pixels are completed. Moreover, 1t 1s possible to 1image a
dynamic 1mage by repeating the driving 1n FIG. 15. That 1s,
because the read operation and refresh operation required to
image a dynamic image can be continuously performed every
one horizontal line, 1t 1s possible to improve a frame rate.

It 1s not always necessary to make the timing for turning
on/oil the TF'T 1004 for refresh coincide with turn-on/off of
the TFT 216 for transfer at the next line. Moreover, 1t 1s
preferable to select each power supply voltage so as to satisty
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characteristics of the MIS-type photoelectric conversion ele-
ment 217 and TFT 216, transfer capacitance requested as an
imaging apparatus, and dark current.

Moreover, 1n the above description of operations, 1maging,
of a dynamic image 1s described. However, 1t 1s also possible
to 1image a static image by using the X-ray imaging apparatus
of the second embodiment. In this case, 1t 1s only necessary to
use the TFT 1004 for refresh by turning it off. Therefore, 1t 1s
also possible to 1mage a static image after imaging a dynamic
image. This sequencei1s a sequence to be generally performed
at the time of see-through 1maging of a digestive system. In
this case, 1t 1s only necessary to 1image a dynamic image
(see through) along the tlmmg chart in FIG. 14 and when
imaging a static image, turn oif the TFT 1004 for refresh, and
perform operations along the timing chart in FIG. 10.

In this case, determination of the saturation state by the
control circuit 604 or 1007 1s described below. As described
above, rrradiation of light stops each pixel after bringing it to
a saturation state. It 1s allowed to perform this control 1n
accordance with elapsed time. However, 1t 1s also possible to
monitor the output fluctuation of the MIS-type photoelectric
conversion element 217 at the time of light irradiation and
perform the control in accordance with the above result.
FIGS. 15A to 15D are timing charts respectively showing the
relation between driving and output of a two-dimensional
sensor when light 1s 1irradiated.

FIG. 15A shows an output of a two-dimensional sensor
when repeating driving for continuously performing read a
certain number of times after performing refresh. As shown in
FIG. 15A, when repeating read (F1 to Fn) after refresh, an
output of the two-dimensional sensor 1s slowly lowered. This
1s because electric charges are slowly accumulated in a pho-
toelectric conversion element and sensitivity 1s lowered.
Therefore, by monitoring the difference between outputs of
the frame F1 and frame Fn, 1t 1s possible to determine 1rra-
diation pause time of light. For example, 1t 1s allowed to stop
irradiation by using that the output difference between the
frame F1 and the frame Fn reaches a certain specified value as
a condition. Moreover, it 1s allowed to stop wrradiation by
using that the output difference between the frame F1 and the
frame Fn becomes stable, that 1s, the output difference
becomes smaller than the specified value as a condition. For
a photoelectric conversion element to reach a saturation state
and for an output of a two-dimensional sensor to become very
small, operations of several frames to several tens of frames
are necessary. The necessary number of frames depends on
the voltage Vs and the dose of light.

Though FIG. 15B 1s an illustration showing driving and
output of a two-dimensional sensor when light 1s 1rradiated
similarly to the case of FIG. 15 A, 1t 1s different from FIG. 15A
in that refresh and read are alternately repeated. In the case of
this driving method, 1t 1s only necessary to monitor a signal of
the frame F1 and stop 1rradiation of light by using that the
change of s1ignals becomes smaller than a specified value as a
condition.

Moreover, when the light source 601 has a preferable
response characteristic, as shown 1n FIG. 15C, 1t 1s allowed to
perform accumulation operation between refresh and read
and use a driving method for making the light source 601 emat
light during accumulation operation. According to this driv-
ing method, 1t 1s possible to accurately monitor the output
fluctuation of a two-dimensional sensor. Also when using this
driving method, 1t 1s only necessary to monitor the signal of
the frame F1, for example, and stop irradiation of light by
using that the change of signals becomes smaller than a speci-
fied value as a condition.
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Moreover, as shown i FIG. 15D, it 1s allowed to perform
the read operation which does not 1rradiate light after read
alter 1irradiation of light and monitor an output obtained by
subtracting the last signal from the signal at that time, that 1s,
the difference value between the frame F1 and the frame F2.
According to this method, a component serving as a dark
current of a photoelectric conversion element and the factor of
an error such as a residual image are removed and 1t 1s pos-
sible to monitor output fluctuation at higher accuracy. When
using this driving method, 1t 1s only necessary to stop irradia-
tion of light by using that a difference value becomes smaller
than a specified value as a condition.

Then, the embodiment of an X-ray imaging device 1s
described below. FIG. 16 1s an illustration showing an
example of an embodiment of the X-ray imaging apparatus of
an embodiment of the present mvention. A glass substrate
1403 on which a phosphor 1402 and a two-dimensional sen-
sor are formed 1s housed 1n a housing 1401 made of aluminum
alloy or magnesium alloy. An IC 1406 including the signal
amplifying circuit 802, sample-and-hold circuit 803, and
multiplexer 804 1s connected to a glass substrate 1403
through a tape carrier package (TCP) 1405. Moreover, the IC
1s connected to a relay board 1407, A/D board 1408, and

system board 1409 through the TCP 1405. The relay board
1407 delivers a signal from the IC 1406, various power sup-
ply, and a control signal. The AID board 1408 includes the
AID converter 806 and converts a signal from a two-dimen-
sional sensor into a digital signal. The system board 1409
controls the two-dimensional sensor and various boards.
Moreover, the boards are electrically connected by a signal
cable 1410. Moreover, the boards are fixed by a support
substrate 1404. An imaging unit 1s constituted of the above
boards.

A light source 1412 corresponding to the light source 601

1s further included 1n the housing 1401. A light guide plate
1411 1s set on a light source tray 1416 and a light source 1412
1s set to the both ends of the light guide plate 1411. Moreover,
a reflection sheet 1413 for completely sending the light emat-
ted from the light source 1412 toward the glass substrate 1403
1s set between the light guide plate 1411 and the light source
tray 1416. Furthermore, a prism sheet 1415 and diffusion
sheet 1414 for uniformly diffusing the light from the light
guide plate 1411 are set. Thus, a light source unit 1s consti-
tuted. Though it 1s preferable to use an LED by which light
emission 1s easily turned on/off as the light source 1412, 1t 1s
allowed to use a cold cathode.
In the case of an X-ray imaging apparatus thus constituted,
light 1418 emaitted from the light source 1412 propagates
through the light guide plate 1411 and 1s reflected 1mmedi-
ately upward by a reflection pattern set 1n the light guide plate
1411 in the process of propagation. In this case, the light to be
leaked to the downside of the light guide plate 1411 1s
returned to the light guide plate 1411 by a retlection sheet.
Then, the light reflected immediately upward and the light
leaked to the upper potion of the light guide plate 1411 by the
light guide plate 1411 are diffused by the prism sheet 1415
and diffusion sheet 1414 and uniformly 1rradiated to the glass
substrate 1403. The reflection sheet 1413, diffusion sheet
1414, and prism sheet 1415 are not always necessary. It 1s
allowed to use them according to necessity.

Moreover, as shown 1n FIG. 17, 1t 1s allowed to use a
surface-emission device 1501 such as an organic EL or inor-
ganic EL. In this case, a diffusion sheet 1502 is set on the
surface-emission device 1501 so that the light 1503 propa-
gates through the 1nside of the sheet 1502. Furthermore, 1t 1s
allowed to use a device 1n which LEDs 1602 are two-dimen-
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sionally arranged on a print substrate 1601 as a surface-
emission device 1501 as shown 1n FIG. 18.

Then, an 1rradiation example of the X-ray imaging appa-
ratus of an embodiment of the present invention to an X-ray-
image 1maging system 1s described. FIG. 19 1s a schematic
view showing the configuration of an X-ray-image imaging
system.

X-ray 6060 generated by an X-ray tube 6050 (X-ray source
119) passes through the chest region 6062 of a patient or
subject 6061 and enters an 1image sensor 6040 including an
X-ray imaging apparatus. The information on the inside of the
body of the patient 6061 is included 1n the X-rays that have
entered. A scintillator (phosphor) emits light correspondingly
to the entrance of the X-rays 6060, the photoelectric conver-
s1on element of a sensor panel photoelectrically converts the
light, and electrical information 1s obtained. The 1mage sen-
sor 6040 outputs the information to an 1mage processor 6070
as an electrical signal (digital signal). The 1image processor
6070 serving as image processing means applies image pro-
cessing to the received signal and outputs the signal to a
display 6080 serving as display means of a control chamber.
A user observes an 1image displayed on the display 6080 and
can obtain the information on the mside of the body of the
patient 6061. The image processor 6070 also has the function
of control means and 1s able to change the imaging mode of
dynamic image/static image or control the X-ray tube (X-ray
generator) 6050,

Moreover, the image processor 6070 transfers an electrical
signal output from the 1mage sensor 6040 to a remote place
through transmission processing means such as a telephone
line 6090 and 1s able to displays the signal on display means
(display) 6081 present at another place such as a doctor room.
Furthermore, the image processor 6070 stores an electrical
signal output from the image sensor 6040 in recording means
such as an optical disk and a remote-place doctor can perform
diagnosis by using the recording means. Furthermore, it 1s
possible to record the electrical signal ina film 6110 by a film
processor 6100 serving as recording means. Furthermore, the
doctor can enlarge or reduce an 1image displayed on the dis-
play 6081, image-process the image to a desired density, and
performs the processing such as the difference with another
image, and perform diagnosis 1n accordance with them.

An embodiment of the present invention can be realized
when, for example, a computer executes a program. More-
over, means for supplying a program to a computer, for
example, a computer-readable recording medium such as a
CD-ROM storing the program or transmission medium such
as the Internet for transmitting the program can be applied as
an embodiment of the present invention. Moreover, it 1s pos-
sible to apply the above program as an embodiment of the
present invention. The above program, recording medium,
transmission medium, and program product are included in
the scope of the present invention.

Capable of Exploitation in Industry

The present 1invention 1s preferably used for a radiation
imaging apparatus preferably used for medical-care diagno-
s1s and 1ndustrial nondestructive mspection.

While the present invention has been described with refer-
ence to exemplary embodiments, it 1s to be understood that
the mvention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest mterpretation so as to encompass all
such modifications and equivalent structures and functions.

What 1s claimed 1s:

1. A radiation 1imaging apparatus comprising;:

a sensor unit for acquiring an image signal from radiation,

wherein said sensor unit includes a pixel having an MIS-
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type conversion element, and wherein said MIS-type
conversion element includes a first electrode, a second
clectrode, a photoelectric conversion layer arranged
between said first and second electrodes and an 1nsulat-
ing layer arranged between said first electrode and said
photoelectric conversion layer;

a driving circuit unit for driving said sensor unit to perform
a first operation such that the MIS-type conversion ele-
ment generates an electron-hole pair according to inci-
dent radiation or light, a second operation for reading an
clectric signal based on an electron or a hole from said
sensor unit, and a third operation for removing a part of
the electrons or the holes accumulated at an interface
between said photoelectric conversion layer and said
insulating layer;

a light source for emitting light onto said MIS-type con-
version element:

a power source for supplying a first voltage or a second
voltage between said first and second -electrodes,
wherein the first voltage 1s supplied during the first and
second operations, and the second voltage 1s supplied
during the third operation; and

a control unit for controlling said driving circuit unit, said
light source and said power source, wherein

betfore 1rradiating the radiation onto said sensor unit, said
control unit controls said driving circuit umt, said light
source and said power source so as to repeat, at least
twice, a set of first and second operations with light
being emitted from said light source onto said MIS-type
conversion element, until a predetermined voltage 1s
applied to the photoelectric conversion layer 1n a suc-
ceeding first operation after a performance of the third
operation, and

so as to perform the third operation after the second opera-
tion of the final set of the first and second operations.

2. The radiation 1imaging apparatus according to claim 1,
wherein said pixel includes a switch element connected to
said first electrode, said switch element 1s a transistor having
gate, source and drain electrodes, one of said source and drain
clectrodes 1s connected to said first electrode, and said gate
clectrode 1s connected to said driving circuit unait.

3. The radiation 1maging apparatus according to claim 2,
turther comprising a signal amplifying circuit connected to
the other of said source and drain electrodes of said switch
element,

wherein said power source includes a reference source for
supplying a reference voltage to said signal amplifying
circuit.

4. The radiation 1imaging apparatus according to claim 3,

wherein said power source further includes a bias source for
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supplying a third voltage to said first electrode for supplying
the first voltage between said first and second electrodes.

5. The radiation 1imaging apparatus according to claim 4,
wherein said bias source supplies a fourth voltage to said first
clectrode for supplying the second voltage between said first
and second electrodes.

6. The radiation 1maging apparatus according to claim 4,
wherein

said pixel includes a fturther switch element connected to
said first electrode, different from said switch element,

said further switch element 1s a transistor having gate,
source and drain electrodes, one of said source and drain
clectrodes of said further switch 1s connected to said first
clectrode, and said gate electrode of said further switch
1s connected to said driving circuit unit,

said power source further includes a further power source
connected to the other of said source and drain elec-
trodes of said further switch, and

said further power source supplies a fourth voltage to said
second electrode for supplying the second voltage
between said first and second electrodes.

7. A radiation 1imaging system comprising:

the radiation 1imaging apparatus according to claim 1; and

a radiation source for rrradiating the radiation.

8. A controlling method for controlling a radiation imaging,
apparatus, wherein the apparatus comprises a sensor unit for
acquiring an 1mage signal from radiation, wherein the sensor
unmit includes a pixel having an MIS-type conversion element,
the MIS-type conversion element includes a first electrode, a
second electrode, a photoelectric conversion layer between
the first and second electrodes and an insulating layer
arranged between the first electrode and the photoelectric
conversion layer, and a light source for emitting light onto the
MIS-type conversion element, said method comprising:

a first step of repeating, before irradiating the radiation
onto the sensor unit, at least twice, a set of a first opera-
tion such that the MIS-type conversion element gener-
ates an electron-hole pair according to incident radiation
or light and a second operation for reading an electric
signal based on an e¢lectron or a hole from the sensor
unit, with light being emitted from the light source onto
the MIS-type conversion element, until a predetermined
voltage 1s applied to the photoelectric conversion layer
in a succeeding first operation after an operation for
removing a part of the electrons or the holes accumu-
lated at an interface between the photoelectric conver-
sion layer and the insulating layer; and

a second step of performing the operation for removing,
after the first step.
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